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C2 nN 2 n 0 2n Systems. Proximate Nitro and Cyano Groups.

An interest in C2nN2n2n 0 molecules as energy sources and

explosives can be attributed, in part, to an exothermic formation

of gases brought about by an irreversible bond redistribution,

e.g., C2 nN2 n 02n - 2n CO + n N2 + energy. Dinitrosoacetylene

,. a representative of the family with n = 1, is unstable (isolat-

ed at - 80
0 C) and is also known as the di-N-oxide of cyanogen.1

Apparently isomers, e.g., O-C=NN=C-O and ONOCN-CO, are unknown.

O-NC-CN-O - O:NMC-CUNlO-

1

N-oxides of organic cyanides dimerize readily into furoxans.

So. polymeric furoxans ; (unknown) are, in principle, polymers of

compound ;.

I - oC-C C-C

N NO Ný" NOI

2

Although benzofuroxan I has not been prepared from compound 1,

it is a trimer, C6 N6 0 6 . High energy and explosive properties of

compound I have been investigated; but it appears to be too unst-

able for practicable application. 2
'

3 
All isomers of C6N606 ' e.g.

I and 4 (unknown) are expected to produce gases and energy by ir-

reversible bond redistribution. By a simple bond redistribution,

sets of six equivalent C atoms, six equivalent nitrogen atoms,

and six equivalent oxygen atoms are present in compound 3; a



2

similar property for compound c can account for a set of six

equivalent oxygen atoms (curved arrows indicate the redistribu-

tion).

00N1O. ' 0- N .0

/, / N N ýO

o +

0

3 4

Other bond redistributions in CnN2 n02n are also expected

to occur thermally. By this simple process an isomerization of

dinitrofumaronitrile I (unknown) into the di-N-oxide . (unknown)

of dicyanofuroxan (both L and 1 are examples of C 4N 0 ) is

expected.

0 11N+

S7K /C /N.CC\ N\C

0 -C /

N C 1N

5 0
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6 *--0 0 N*-CC - C C-=N * 0 -N*=CC-CC=-N0d

N~ N N
II I I II
0 0- 6- 0

w o NMEcc-cc_=No ONsCC-CCENO-O .11 'I •--II •-
0-N N N N--\01 \0/

7

Since dinitrofumaronitrile • may also thermally equilibrate

with dinitomaleonitrile A, difficulty in isolatins a discreet

molecular species in our unsucessful attempts (see Parts I1, VII,

and IX) to obtain compound t by oxidation of diaminomaleonitrile

9 (readily available from hydrojen cyanide) can now be appreci-

ated. In addition to the bond redistribution reactions, com-

pounds I can polymerize, of., -, and depolymerize into the unsta-

ble compound 1.

0

NCCNH 2  [0] NCCNO2 NCC.-NO-

NCCNH2 NCCNO2 NCC NO2

" • 0A-CCN

02 NC CN

1 * * - O-N-C-C-C-c-N.o - 2 1
I I

ON NO
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Since dinitromethylidene malononitrile 10 (unknown) may be

less susceptible (than is now presumed for its isomers I and 1)

toward bond redistribution reactions, its synthesis is proposed.

That the nitrile L0 may be susceptible to ring-closure4 fol-

loved by dissociation Into ozoualononitrilo 1_1 and nitroformoni-

trile oxide 12 is recognized. A related bond redistribution may

interchange 1,3.S-tricyano-2,4,6-trinitrobenzene -U into its tris-

oxide 14 (both unknown). The latter would surely polymerize.

02NCNO O2NC-N+- O2 C-N+O- 12

NCCCN M NCC-0 - +
I

10 CN NCCOCN

NO 2  O-N N NO

NC[ CN NCcONC.' CNO

0'2N NO: O'NiIt IN' ~N

N. N ICNO

13 14

14- Complex polymers.

In an anion of an c-nitronitrile there is also the oppor-

tunity for interaction between the functional groups. With

cleavage into an isocyanate anion and a nitrile oxide this can

account for the hitherto unexplained formatior of benzonitrile

oxide (isolated as its diner, diphenylfuroxan 11) and trityl iso-

cyanate 11 vhwn the silver salt 21 of a-nitrobenzyl cyanide was

treated with trityl chloride.
5



- - - --- --=

* C6HSCCN . CeHlC=C=N CGH$CC=N

NO2  O-N=O O-N-O

17

SCSHSC-NO + NCO

2 C6 HSC-NO - CHsc-CcIH5

N N-O

] 15

NC6 . (CHs) CCI - (C.Hs) CNCO

At the present time there are no known examples of the sys-

tem C2 n N2 nO2 for n ) 3 (furoxan polymers I are unknown). A

polymeric dinitropyrrolonimine 11 formally represents self-addi-

tion of the two cyano groups in compound f (it is, of course,

isomeric with a polyfuroxan ;). A reaction initiated by radicals

or anions is proposed.
6 ' 7

S02N NO2
8radical~ C= 1

initiation C5 \\

17

On the other hand, compound t, because of its presumed

instability, may be precluded as a precursor to its polymer

(expected to be stable). Fortunately there are, in principle

other routes to the polymer. Replacement of chlorine atoas in



either 2-amino-3.4-dichloropyrrol-5-one 18 or its polymer 19

(both compounds are known) by nitro groups will be inveasti-

Sated as a source of the polymer 7.

In this work (see Part IX) two routes to triaminopyrrolone

20 have been developed. An investigation on the preparation of

polymeric diaminopyrrol-5-one 21 and its oxidation into the poly-

mer 1. is planned. The necessity for the protection of amino

groups by temporary derivitization is. of course, envisaged.

R R R R

H-N 0 <H20 =N op- 17tL - HO

8 R= CI

20, R= NH 2  19 R= CI

21 R= NH 2
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BICYCLIC PEROXIDES PROM A 1,4-DIZEPINE

V. T. Ramakrislhant and Joseph H. Boyer-

Chweistry Department, University of Illinois

Chicago Circle Campus, Chicago, Tllinoia 60680 U.S.A.

Abstract - An adduct, 3,4-dicyano- ,6-imethyl-2,5-diaza-7,8-

dioxabicyclo[4.2.1non-3-ene, was obtained from 2,3-dicyano-5,7-

dimethyl-6H-l,4-diazapine and hydrogen peroxide in the presence

of alkali or a tertiary am&ne. It was dehydrogenated by iodo-

benzene diacetat. into 3,4-dicyano-l,6-dimethyl-2,S-diaxa-?,8-

dioxabicyclo[4.2.ljnona-2,4-diene; further oxidation by M-chlo-

roSparbenzo.c acid gave 4,5-dicyano-l,8-dimethyl-2,7-diaza-3,6,9,

1O-tetxaoxatetracyclof6.2.1.0 '0'0 jundecarn.

Hydrogen peroxide in the preesnce of sodium hydroxide or pyrld.ne in methanol, or

hydrogen peroxide in acetonitrile efficiently transformed 2,3-dicyano-5,7-dimethyl-

6H-l,4-diazepine 1.1 into 3,4-dicyano-1,6-dimethyl-2,S-d. aza-7?, lioxabicyclo-

[4.2.1-non-3-ene 2a,3 the first example of a bicyclic peroxide from a diazepine.

Oxamide was a minor by product. in the absence of an alkali or a-, amine the re-

action in methanol gave traces of the adduct 2a and larger amounts of oxamide and

2,4-pentanedione. Peracids, e.g., m-chloroperbenzoic(MCPEA) or trifluoroptrace-

tic acids, either failed to react with the diazepine la under mild conditzcns or

gave intractable mixtures under more severe conditions. The detection of an iso-

cyanide odor during peroxidAtion of diszepine !a is being investigated.

.N= =CR ,NH- C'
NCC \ H'0' NCC / '0

11 CH, - 1 1 CH, + (H2NCO)
NCC / OH NCC. \ 0 3

N=C.R, NH -- CR' 3,
MIIia 2&

a, R - RI- CE,; b, R - R' -C, H,; c, R CH,H5 , R' CH.
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Anticipated reactions between a hydroperoxide and a diazepine apparently

did not occur since neither an oxaziridine,'-' a nitrone,' an amide (other than

oxamide) 6 simple ring cleavage,' nor ring contraction' was detected. The forma-

tion of oxamide 3, was attributed to the hydration of cyanogen,l a degradation in-

termediate, by aqueous peroxide. Attempts to obtain peroxides 2bc from diaze-

pines lb,c, and to obtain 2,3-dicyano-S,6,6,7-tetramethyl-6H-l,4-diazepine from

3,3-dim6thylpentane-2,4-dione and dianinomaleonitrile by an adaptation of the pre-

paration of the azepine •a' were unsuccessful.

The peroxide structure 2 was directly supported by ir spectroscopic detec-

tion of HH, CHN and C-C functicns, by 'H and "3Cnmr detection of methyl and methyl-

ene protons and carbon atoms in CH , CH , CO and CN functions; by molecular weight

determination and by elemental analysis. On standing in methanol(25*C, 90 hours),

or on heating neat above 125*C (dec) the peroxide 2a fragmented into 2,4-pentane-

dione and presumably diiminosuccinonitrile 4, a precursor to cyanogen and oxamide

3. The latter was also obtained(47%) from the cyclic peroxide 2a and hydrogen per-

oxide in m~thanol (25*C, two days). Triphenylphosphine converted the peroxide 2a

into the dfazepine la.

at (C.Hj,)P
(CHCO),CH, + - NC(CN) 2-a 1 la + (C,H,)P O

4

CH IOH 2
Za H-0,- . 4 F4 * (CN) * 3

7-- )II,4h HO, -

Iodobenzene diacetate in benzene quantitatively dehydrogenated the peroxide

2a into 3,4-dicyano-l,6-dimethyl-2,5-diaza-7,8-dioxab-cyclo[4.2.1]nona-2,4-diene 55

(see Experimental Section for confirmation data). Without a trace of isomerization

into a bisoxaziridine 6, thermolysis again gave 2,4-pentanedione but the remaining

mixture 4as intractable. During chromatographic separation from silica gel hydra-

tion of the diclanide.5gave the diamIde 7, whereas an azomethine adduct 8 was ob-

tained from methanol containing sulfuric acid. The diaeepine le was produced in

small amounts from the peroxide 5 and triphenylphosphine.
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N -CCH 0
C.Hs5 1(COCHs)j NC C / \0 N- CH,

I CH, I at NCC I

- ~ N CC 0 if* CH,
a CH, N-C C 'y- NCCI /

CH3 N-CCHM

\0

6

COCHS

HMN COC NCC-NH

H2NCOC NC C-NH>

7 IOCHS

al-Chloroperbenzoi- acid(MCPBA) converted the bisimine 5 into 4,5-dicyano-

1,8-diaethyl-2,7-diaza-3,6,9,10-tetraoxatetracyclo[6.2.1.02, 0o''] undecane 9 in

moderate yield. The assigned Structure was supported by spectroscopic and other

analytical data (see Experimental Section). Thermolysis gave 2,4-pentanedione

and intractable material. Neither an epoxide of the olefin 6" nor dicyanofuroxan

11, an expected fragmentation product, was detected.

O"N-CCH,

NCC / 'o at
5  MCPBA I CH, I - (CHCO),CH,

- NC C \ OS~O-.N -- CCH3

9

0

NCC" O NCCNO NCCNO2
I 0 11 1

NCC ý. N NCCNO, NCCNO,

0 1 12

Zntractable mixtures were obtained fro= the bisoxaziridine 9 by tnermolysis

and by further treatment with peroxides. The formation of either a nitrosonitro-

11 or a dinitro-aleonitrile 12 was not established. Triphanylphosphine deoxy-



genated the cyclic peroxide 9 into the diazepine I in small amounts.

Acknowledgements: Financial support from O.N.R. FD mass spectra from the School

of Chemical Sciences, University of Illinois, Urbana, Illinois.

Experimental

Instruments included Perkin Elmer 237B and 521 grating i.r.; Varian A-60

n.m.r.; and Varian MAT 731 FD mass spectrometer. Selected m/e(70 eV) values and

all FD values are reported. Each yield was based on starting material consumed.

Elemental analyses were provided by Micro-Tech Laboratories, Skokie, Illinois.

Preparation of the diazepine la: A condensation between diaminonaleonitrile

and 2,4-pentanedione gave the diazepine, mp 202-204*C (dec); I tnmr ((CD 3 ) SO):

6 26.2 (CH ), 49.4(CR2), 115.3(CEN), 122.9(C-C) and 158.3CC-N).

Preparation of the cyclic peroxide 2a: To an ice-cooled stirred suspension

of the diazepine la (8.Og,46.S rimlee) in methanol (100 ml) was added a few drops

of 1 N sodium hydroxide solution followed by dropwise addition of 90 percent hy-

drogen peroxide (2.8 ml,100 amoles). The mixture was stirred until the disappear-

ance (about 3 h) of the diazepine Ia (tic) left a clear yellow solution. The re-

action mixture was concentrated at a temperature below 45C until a crystalline

solid A appeared. Dilution with ice-water brought further separation of the per-

oxide ?a as a light yellow solid which was filtered and dried at room temperature,

7.2g(75%), mp 125-6'C(dec) (ethyl acetate and hexane); ir(K~r):3333(NH), 2222(CN).

1634(C-C) cm'; H-nmr (acetone-d,)t 6 1.68 (C), 2.5-3.2 (n) and 6.57 (br),

(Va0) $ 1.68 (s,6H), and 2.53-3.05 (28, AB quartet, J - 12 RZ); 1 C-nmr (acetone-

d ): 6 23.90 (CE,), 57.57 (CE), 94.40 (C-O). 105.49 (C-C) and 116.95 (CE); m/ !
(70 eV) MU:206(6) (M+'), 100(100), 85(100); m/e(PD): 206(100)M+; found: C, 52.08;

H, 4.85; N, 27.03 %; CE, .NO requires C, 52.42; H, 4.85; N, 27.18 S.

Efficient cooling during slow addition of the hydrogen peroxide to the dia-

zepine ALcontrolled an otherwisa violent reaction and prevented the formation of

oxamide. both higher temperatures and complete evaporation of the solvent in the

rotary evaporator led to product decomposition. The peroxide 2a was stable on

refrigeration but exposure to the atmosphere or storage at room temperature

brought about blackening and apparent poly.-erization. The peroxide was also pro-

duced (80%) in acetonmitrila at room temperature for 17 hours. In methanol the
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formation of oxamide predomimated on prolonged reaction time, with or without add-

ed pyridine. After the peroxide 2a in methanol was stirred at room temperature

for 90 hours, 
2

,4-pentanedione but not the peroxide 2a was detected (tlc).

Treatment of the peroxide 2a (100 mg, 0.5 mmol) with hydrogen peroxide

(90%,0.8 ml) in methanol at room temperature for 20 hours gave oxamide (47%),

2,4-pentanedione (tlc) and the odor of an isocyanide.

To a solution of triphenylphosphine (700 mg, 2.7 umoles) in benzene (25 ml)

the peroxide 2a (500 mg, 2.5mmoles) was added and the mixture stirred for 17 hours.

The separated colorless solid was filtered and washed with benzene and was identi-

fied (tlc) as the diazopine Ja (300 mg, 72 %L) mp and mixture mp 201-3*C.

Preparation of the bisimine 5: To a stirred suspension of iodobenzenediac-

state (4.0 g, 12 msoles) in benzene (100 ml) the cyclic peroxide ;a (2.0 g, 10

moles) was added in portions. The reaction mixture was stirred for 64 hours at

room temperature and filtered to remove unidentified solid material (90 mg). The

fIltrate on concentration and addition of hexane gave the bisimine S as a light

yellow solid, 1.7 g(85 %), mp 161-3*C (ethyl acetate and hexane), dec around

170*C; ir (CHCIl)} 2230 (CN), 1628, 1588 cm'l; 'H-nmr(CDCl 3-acetone-d,): 6 1.86(s,

6H, 2CH ) and 3.20(s, 2H, CH.1; "C-nmr(CDCI-DMSO-d ): 23.24 (CH.), 50.93 (CMR),

96.58 (C-O), 114.75 (CN), and 136.62 ppm (C-N); m/e (70 eV) (1); 172(52). 163(7),

131(100), 100(15), 91(85)1 n/e (PD): 204(100)*+, 172(90), 163C10) and 100(10);

found: C, 52.67; H. 4.05; N, 26.86; 0, 16.69; CH.N.O. requires: C, 52.94;

"H, 3.95; H, 27.44; 0, 15.67 %.

"Preparation of the bisepoxide 9: To a stirred suspension of m-chloroper-

benzoic acid (2.2 g, 12.8 mroles) in acetone (100 ml) the bisimine 5 (980 mg, 4.8

moles) was added in portions at room temperature. The reaction mixture was

stirred for 3 hours and concentrated. The residue was dissolved in ethyl acetate,

washed with aqueous sodium bicarbonate solution and dried (NqSO). Removal of

solvent furnished a solid (1.0 g) which showed three tIc soots. Chromatography

over a silica gel column (25 x 2 cm) gave di-(m-chlorobenzoyl)neroxide, mp 118-

1201C(dec) (lit. mp 122-3*C;, 80 mg, also obtained from a sample of MCPBA on elu-

tion with a mixture of chloroform and hexane (1:9). Elution with a 3:7 mixture

of chloroform and hexane gave the bisoxaziridine 9 (200 mg, 17.7 %) as a color-

less solid, mp ll
7

-8"C(chloroform-hexane); 140 145-C (dec); ir (CHICl ): 2245 cm-:
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IC), H-Or (CDC1,); 1.72 (s,3Ha), 1.83 CS,3R) and 2.50-3.15 (As quartet, 29,

""7 - 15 Hz); 'C-nmr (CDCIX): 8 20.11 (CH,), 25.07 (CH.), 49.31 (C9.); 74.97 (C-CE)

97.17 (CH CO) and 101.88 (CN); =/e (70 .V) (S)t 204(1), 100(100); M/e (0D): 237

(200)O(M), 186(23), 100(85); found: C, 45.79; H, 3.40; N, 23.85; CE*N.O, re-

quires C, 45.77; 8, 3.41; N, 23.72%.

Slution with chloroform gave a seuisolid (360 mg) which on trituration with

a mixture of ethyl acetate and hexane gave a colorless solid, mp 147-9*C (dec)

(chloroform-hoxane); found: C, 45.17 and 45.22; H, 4.23 and 4.26; N, 19.88 and

19.65; CAHN.O requires: C, 45.50, H. 4.30; N, 19.90 S. It has tentatively been

identified as 4-cyan.o-l,$-dimthyl-2,7-ditaza-3,6,9,10-tetraoxatetracyclo[6.2.1.

o0" O'"•undecan*, cf. 9wvith one cyano group replaced by hydrogen, and will be

further investigated.

preparation of the methanol adduct S: The bisimin. peroxide S (100 my) was

dissolved in methanol (S al) and a drop of dilute sulfuric acid added. A color-

less solid started to separate gradually. After stirring for 17 hours, the reac-

tion =ixture was concentrated, diluted with water and filtered to isolate the bis

methanol adductAas a colorless solid; 70 mg (52 U); up 188-190*C (dec) (math-

anol); ir (M•r): 3330, 2230, 1520, 1495 cm -:; '1-ntE•S-d ); 4 3.36 and 3.41

(2 s,6H), 5.6 and 5.7 (2 broad a, 29, exchanged with D 0), 2.2-3.0 (AD quartet

pertly hidden in 0145 peaks, J - 12.5 Hz) and 1.4 (s,6H); x/e (70 *V) (t): 236(18),

235(100), 1000(0), 85(100),; /e*(D): 268(100)}i+, 236(10., 235(34) and 98(12)t

found: C, 49.06; H, 5.95; N, 20.77; C a N 0 requires C, 49.25; H, 6.01; H,

20.88 1.

A solution of the bisimine •5 (400 mg, 2 1ooles) in benzen (50 al) was

treated with triphanylphosphine (1.05 g, 4 mmo1es) added in portions. The reac-

tion mixture turned red-brown. A solid which separated over several hours with

stirring was trituratad with benzene and ethanol to give the diazepine (tlc) la,

ap and mixture ap 200-202*C.

tOn leave from University of Kadras, P.G. Centre, Coimbatore, 641041, India.

- - - ---
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"OXIDATION AT NITROGrN IN BENZO- SENZODI- AND BENZOTRIFUROXANS

Joseph H. Boyer- and Chorngbao Huang

Department of Chemistry, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680 U.S.A.

Abstract - Hydrogen peroxide in sulfuric acid oxidized

5-nitrobanzofuroxan into 1,2,4-trinitrobenzene and completed

the oxidation of a mixture from benzodifuroxen and hydrogen

peroxide in polyphosphoric acid into 1,2,3,4-tetranitrobenzene.

The incompletely oxidized mixture also contained 4,7-dinitroben-

." xofurazan, a terminal oxidation product. Benzotrifuroxan was

unreactive toward peroxidation.

In either sulfuric or tritluoroecetic acid hydrogen peroxide rapidly degraded

ben2odifuroxan 1 but in polyphosphoric acid it smoothly converted the di-

furoxan I into a mixture. Recrystallization brought about partial isolation of

4,7-dinitrobenzofurazan 2. Further treatment of the mixture by oxidation with

hydrogen peroxide In sulfuric acid gave 1,2,3,4-tetranitrobenzene 3 and the

furazan 2; however the latter was not a precursor to the tetranitrobenzene since

it resisted all attempts to oring about oxidation at a furazan nitrogen atom.'

Similar peroxidation of benzofuroxan into 1,2-dinitrobenzene, 4-nitrobenzofuroxan

into 1,2,3-trinitrobenzene and 4,6-dinitrobenzofuroxin into 1,2,3,5-tetranitro-

benzene was previously reported.' Bsnzotrifuroxan
2 

was quantitatively recovered

"from attempts at peroxidation into hexanitrobenzene, a recently reported compound.*
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A neighboring group participation 1 4 between furoxan moieties and

cleavage of two oxygen bridge* in the intermediate 5 can account for a terminal

monoxidation I . 2. On the other hand differentiation between intermediate 5

and an isemeric nitronitrosobenrofuroxan 6 for the oxidation I - 3 cannot be

made at this time,.
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An intermediate neighboring group participation between a furoxan moiety

and a 4-nitro aubatituent with or without the intermediacy of nitronitrosoben-

zenes 8, may have occurred in the oxidations of 4-nitro- and 4.6-dinJtrober.zo-

furoxans 7 into the corresponding polynitrobenzenes 92 $ We now report an

efficient oxidation of 5-nitrobenzofuroxan 10 by hydrogen peroxide in sulfuric

acid into 1,2,4-trinitrobenzene 12. This example presumably proceeds via a

dinitronitrosobenzene 11 intermediate.
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The identification of 4,7-dinitroben~ofurszan 2 was consistent with a

Single nar 'H signal for two equivalent hydrogen atoms, ir absorption for the

nitro groups, molecular weight (ms), elemental analyses and resistance to

oxidation by Caro's acid. -he structure of l,2,3,4-tetranitrobenzene 3 was

Supported by a single nar IH Signal. ir absorption for the nitro groups,

molecular weight (me), elemental analyses, a mixture melting point and the

same Rfvalue obtained from a known sample.'

Acknowledgment: Financial Support was received fron 0. N. R. Certain n.m.r.

spectra were obtained from a Bruker 270345 instrument at the University of

Chicago, Chicago, Illinois.

Experimental

Instruments includ..d Perkin Elmer 237B, 283 and 521 grating i.r.: Varian

A-60 and Bruker 270 . a . and an AEC Scientific limited 14S 30 (70 ev, source

temperature 120-lSO'C).

Hydrogen peroxide (90%, 4.1)' was added over a period of four hours to a

solution of benzodifuroxan (0.22 g, 1.13 mol) in polyphcsphoric ac~id (10 ml).*

After stirring at room temperature for two days,' ice water was added, and the

products extracted into methylena chloride which was dried (magnesium sulfate),

filtered and evaporated to dryness to give a mixture of yellow soilds, 0.09 9.

Recrystallization from ethyl acetate gave 4,7-dinitrobennofurazan 2, 0.03 g,
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mp 187-189*C; nmr(ethyl acetate) 68.6(s): ir(KBr) ;3045,1550,1530 (NO) 1l480,

1380 and 1340 cm-1 (NO ); m/e(70eV) (M; 210(100) M4; calcd for CH2NOs:

C, 34.28;H, 0.95; N, 26.67%; m" 210;, found: C, 34.16; R, 0.93, N, 26.42%.

The mixture of yellow solids, 0.09 g, in sulfuric acid (98%, 20 ml) was

treated with hydrogen peroxide (90%, 2 ml) added slowly over a period of two

hours. The reaction mixture was stirred at room temperature fo= three days and

worked up in the manner described above. Removal of methylene chloride left

a yellow solid. i,2,3,4-Tetranitrobenzene 3 was extracted by, and then re-

crystallized from, carbon tetrachloride as a yellow solid, 0.03 g (12%), up 108-109*C

Elution from silica gel by a mixture of methylene chloride and carbon tetra-

chloride (3:2) gave a pure sample, mp ll5-116*C, mixture mp 114-1164C with an

authentic sample;' nmr (C~DC1): 6 8.50; ir (MOr. 1550 and 1350 cm-1 (NO2):

calcd for C.H2N.O.: C, 27.92: H, 0.78; N, 21.71: found: C, 28.79: 0, 0.53; N, 21.50;

Rf0.3 from a tlc silica gel plate by a mixture (3:2) of methylene chloride and

carbon tetrachloride.

The portion insoluble in carbon tetrachloride gave the furazan 2 0.05 g, up

187-109*C after recrystallization from ethyl acetate (combined yield 21 %).

To a solution of 5-nitrobenzefuroxan 9" (0.
4

0g, 2.2 -01l) in sulfuric acid

(981, 30in1), hydrogen peroxide (90%, 2.0 ml, 82 1m) was added dropvise at 0*C

over a period of 4 hours, stirred at 25-C for 2 days, diluted wit). ice-water and

extracted with metheylene chloride. The extract was dried over magnesium sulfate,

filteced and concentrated to give l,2,4-trinitrobenzene 11 (0.38g, 1.8 swmol, 801

yield), m.p. 58-60C01 after recrystallization from chloroform; nmr (CDCI,): 6 8.86

(s, 10), 8.69-8.88(d,IN), 8.15-8.12(d,IN); ir(KBr): 1540 and 1350 cm'1 (NO,).

4 fReferences and footnotes.

1. Oxidation at a furazan nitrogen atom in unknown.

2. 3. H. Boyer and S. E. Ellasy, J7. Org. Chem., 1959,,J4, 2038. Joseph H. Boyer

and Chorngbao Huang, J. Chem. Soc. Chem. Comm., 1981, 365.

43. A. S. Bailey, j. Chae. Soc., 1960, 4710.

4. A. T. Nielsen, R. L. Atkins, W. P. Norris, C. L. Coon and M. E. Sitzmann,

3. Org. Chem., 1980, 45, 2341. Z. A. A~iopyan, Yu. T. Struchkov and

V. G. Dashevskie, Zh. Strukt. Shim.. 1966, 1 408; Chem Abstr., 1966, ~
14551e. We thank Dr. Nielsen for a sample of 1,2,3,4-tetranitrobenzene.



19
N"&OCYCMS Vol 19, No 2, 1982

5. A. J. Soulton and A. K. Katritzky, Proc. Chem. Soc., 1964, 299 assumed a

similar neighboring group participation to account for the degenerate

isomerization of 4-nitrobenzofuroxan.

6. Hydrogen peroxide(90 %) must be handled as a dangerous reagent. The

compounds 1 - 6 are potentially explosive.

7. A. J. Boulton, A. C. Gripper Gray and A. R. Katritzky, j. Chem. Soc.,

1965, 5958.

8. When polyphosphoric acid was replaced by either sulfuric or trifluoro-

acetic acid extensive degradation occurred with the evolution of brown

fumes of nitrogen oxides.

9. The disappearance of starting material wae monitored by ir.

10. R. J. Gaughran, J, P. Picard and J. V. R. Kaufman, J. Amer. Chem. Soc.,

1954, .6, 2233.

11. F. Pietra and D. Vitali, J. Chem. Soc. Perkin Trans 2, 1972, 385.

Received, 16th September., 1981



20

Oxidation of Nitrobenzoturoxana

By JoszpH H Bovxa and CHOXSIOBAo HUANG
(D~epaieestst of Coeiisfey, Unsievrsisy of Illsitais. Chicasgo Circle Camspus. Chicago. Illinos 60880)

Summaryu Monoperoxosulphuric acid oxidized 4-nitro- of bentofuroxao.i provides a preparative route to vicinal
benzfuroxan into 1,2.3.tnntitiobenzene (80%) and trisubstituiiton
4.8-duintroberizoturoxans into 1,11.3.5-tetranitrobenzena The highly efficient oxidations~t (1) - (2): and (3) - (4)6
(100%) were brought about by a large excess (>50 molar) of

hydrogen peroxide (90%) in sulphuric acid (98%) at 25 *C
OmDAoxciis of 4-uitro- (I)' and 4.9.diiiitro-besisofuroxan for 2 days When polyphosphont acid replaced sulphuric
(3)1 into 1.2.3-trunitrobenzenfe (2). in p 120-122 *C, acid the yield of the tetraititobenzene (4) weas moderate
(80%) and l,2.3.5.tetranutrobenzesie (4). iii p 129-130 'C.' (44%) but in nmixtiires of the two acids the yield increasedl
(99%) extends the only pr.evious oxidation of a fiiroxan into with increasing sulphuric acid content and was quantitative
a diritro-cocipound.i and in combination with the nitration with 80% sulphuric anid alone

0. Triffluoropernicyacetic acid by itself or mixed with
NO2  1 NO3  concentrated nitric aci failed to react with 4.1-dinatro-

4M50 o . NO, benaufuroxan but a mixture of trlufuroacetic and niftic
R )NO, adids and hydrogen peroxde inpolypbosphowu adid brasins

fomdthe furoxan (3) into the teftanitrobeitzane (4) In

(1) RM (2)Bensiffisroxasn was oxidizied into o-dicitrobensene (20%)
(3) R - NO, (4) AR NO2  by both tnisuoroperoxyacetuc' and nionopermoxoulphuric

acid (there was extensive degradation); however, the
faroxans (1) and (3) resisted oxidation by trifluoroperoxy.
acebc adid and were recovered. Diminished attraction

0between the fiirox,.i rnag and elecciophallc peroxide is the
N-0 expecte result of electron withdrawal into the nitro-

IA subetituent(s): however. this could be pautially balanced by
(I) (3)neighbouring group participation by the 4-nitro-subeftitifent

LN'L (wee Scheme), an effect previoualy assumed to be operative
in the degenerate rearrangemnent of 4.nitrobenzcofuroxan and
siomilar rearrangements 6It was assumed that the oxygen
atoms were introduced in separate steps Isomerizatimn

101 during or after the first stage of the oxidation of the furoxans

NI0 detected, however, we assume that a facile oxidation of(1 o()inoteiieocm nns()r )w aso

-No2  
1,- nitrosoarene inito a nitroarena is one step in the reactions

'01 r- Y~ Financial support was received from the Office of Naval
RYJ.L R % esearch.

0~

(7)Ri. if (3) R.N

(6) R . N02  16) R .NO2

Scassex (Rtceived. 3W Nrenebiv 1980, Cosa 1175)

t CAUTION 8004bydrogra peroxide atdangeros Ech ratio wsrepeatedly carriedot enavscle(1-2 matl) whihch aled
for kee then 3 ful (140 minoll of 90% hydrogein peroxide without mishap

(10C~~mpd2.1.(EtOAc) 9.6-W375(dt. 2M anid 80"-30 (t. lIt). ./, (70ev) 213(M.Vco.mpossd(4$((CDCI) 93(sl.../#

-A. G Gree and F X( Itoe I Chow S"c. 1913, 183. IMil
L I Klimel'aitihe. T t Nesilava. and S S Novilias. 1.e 48d N-s.& SSSR. Oid Khie N..k. 1962 517 (CA-a Absii. 1962.

87 14979b) reported thip oxidation of 2.6-diximstanihine by bvdrogeu peroxide (96%) in ttuflusorocetic acid inot 1.2.3.trixitstioenuene
(Zý.in.m .122 LC

A Wielin. R L Atloa and W P NorrNa.I Org Chms. 1979.44. 1181 oxidieed picramide by iydrogeicpmixdel l(06.)t
sulphseic acid (100;0 itat the tetraniteobenree (41). at p 117-128 'C

H By d 5 E Eley.J Org CA-s 1839. 24 1039 The-f reotd procedure -sre adapted to the preet -week
Niettifai d It Dietachv Er. 1901. 34,53., W Will ihi. 1914.47. 704.963 Thg oxidtion of (3) isis (4) by lnitec d

us i 1901 as refuted ai 1914
3.Boulton And A It. lRattitaky, Per" Chms S"c M20. 257
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THE AMBIPHILIC FUROXAN RING.

BENZOFUROXAN OXIDATION BY PERACID

AND REDUCTION BY COPPER.'

Joseph H. Boyer and Chrongbao Huang

Chemistry Department, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680

S•Abstract.

Monopersulfuric acid, trifluoroperacetic acid and

hydrogen peroxide in polyphosphoric acid, or with

selenium dioxide in t-butyl alcohol, or in tetramethyl-

ene sulfone have each oxidized benzofuroxan into o-di-

nitrobenzene. Monopersulfuric acid oxidized 4-nitro-

benzofuroxan into 1,2,3,5-tetranitrobenzene(99 %);

hydrogen peroxide in polyphosphoric acid was moderately

efficient for the latter oxidation. Copper in acidi-

fied ethanol transformed 4,6-dinitrobenzofuroxan into

picramide quantitatively.

Introduction.

A. General. Although la Z lb abbreviated to

la or lb is the accepted symbol for benzofuroxan, 1 '



it tends to disguise the disposition toward electron

donation and acceptance shown by the heterocyclic

ring.

Dinitrogen tetroxide, manganese dioxide in acetic

acid, and nitric acid have oxidized oximes into nitron-

ic acids 2 or the tautomeric nitro compounds•' but

failed to oxidize the heterocyclic ring in the furoxan

1, an oxizne-nitronic acid anhydride. Peracetic and

perbenzoic acids have fragmented trialkyihydroxylamines,

presumably via initial oxidation into a hydroxylamine-

N-oxide 3,1 but failed to oxidize the heterocyclic ring

in the furoxan 1, a latent hydroxylamine by virtue of

ic - ld - la . lb.

Resistance toward N-oxidation is also character-

istic of isoxazole3 4, isoxazolines 5, furazans 6, and

presumably other oxime esters, both cyclic and linear; 7

however, the contrary is implied by the extended pn-

cipln of the a-effect.$

B. Electron Donation. On the other hand, trifluoro-

peroxyacatic acid was successful, where perfornic and

peracetic acids were not,9 in oxidizing benzofuroxan

into o-dinitrobenzene 7 and 5-methylbenzofuroxan into

3,4,-dinitrotoluene; but the efficiencies (15-20 %) were

in marked contrast with the similar oxidation of E-di-

-i



: 2 4

nitrosobenzane into g-dinitrobenzene (92 9).11 Exten-
sive degradation of naphtho- and phenanthrofuroxan
and 5 -chloro-6-methoxybenzofuroxan, 

attributable to
oxidation initiated at carbon atoms, occurred without
affording detectable amounts of nitro compounds."

An older,"L discredited, 12 claim for oxidation oZ
oximes by monopersulfuric acid (Caro's acid) has now
been indirectly supported by an oxidation of benzofur-
oxan by hydrogen peroxide in sulfuric acid.

UnsYmmetrical diarylfuroxans 8 were fragmented
and oxidized into aromatic acids when treated with
Ozone. A preferential electrophilic attack by ozone on
the N-oxide side of the heterovycle was invoked.","

0- 
0

+ II

la lb0L
i ~Ia

0

N NO

Id 
if
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NO) (T NO2

2 0 2 20 2

0
1o1

R 2RC-H CNOH 2R e RCH^ RC) -4 CRC

RC-C-

•-io o • •°-

Arc - CArAr-r

// \\ + Nrc N•A\\rC 2.A'C 2N• N•-o"-----* ,\ H oH

CO

(RCH )2GC R00 ( N'-OCH 4•"---" ArC 02N H + Ar'CO2

C. Electron Acceptance. An addition of water to

ever, the adduct 9 ± 10 is related to a nitrosonium

hydroxide lla Z l!__b, recently reported, 5  Electron ac-

ceptance at a furoxan. nitrogen atom, related to the re-

2I 2 ) + RIH
• ' 1- )F OR Rý" -•r•tl'1l C IR RCt!--• '"'l-1 -"'• •lP-!I"
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auirement for the formation of the adduct 9 has been

demonstrated in the transformation of a benzofuroxan

into an o-nitrophenylhydrazine by a secondary amine,"

and in the reduction of a benzofuroxan into a dioxine

'by either hydroxylamine," a hydrazineis or copper.lb

o 0 \•UH

HOH )../ 0 NHO

H

01

+ + |
,2 ; 0 -OH R2 N÷-OH

( >NO 2  R 2 NH H 2 NOH onNOH

RCiHHR C NOH

Results and Discussion. o-Dinitrobenzene 7 was

obtained from benzofuroxan 1 and hydrogen peroxide

(90 1) in polyphosphoric or sulfuric(S0 %) acids or

in tetramethylene sulfone, and with hydrogen peroxide

(90 %) and selenium dioxide in t-butyl alcohol. Al-

though protonation of benzofuroxan, pKa -8.3,19 in

sulfuric acid (98 %, pKa -10.3; 80 %, pKa-7.5)20 can
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be assumed, its assistance, if any, to the oxidation

was not determined. Just as the location of protona-

tion has not been established, 21 it is not possible to

differentiate between peroxide attack at a nitrogen or

an oxygen atom in the oxidation of a benzofuroxan into

an o-dinitrobenzene. It was assumed that the forma-

tion of new carbon-oxygen bonds by either electro-

philic or nucleophilic attack initiated extensive

degradation.

In a mixture of nitric acid and hydrogen peroxide

4 benzofuroxan afforded 4-nitro- 12 and 4,6-dinitrobenzo-

furoxan 14 but neither o-dinitrobenzene 7 nor nitrated

derivatives, e.g., 13 and 15, were detected. Apparently

an electrophilic attack on the heterocyclic portion of

the molecule by a peroxide or other oxidant was not

competitive with nitration and the peroxides present

did not attack the furoxan ring in the nitro compounds
12 and 14. Degradation was attributed to oxidation at

carbon atoms in compounds 1, 12 and/or 14.

4 Benzofurazan 16 and diphenylfuroxan 8 (Ar = Ar'

C 6H 5) were each unreactive toward monopersulfuric acid

(the most effective peroxide reagent) and other per-

oxides.

With an absence of extensive peroxidative degra-

dation, 4-nitro- 12 and 4 ,6-dinitrobenzofuroxan 14
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gave 1,2,3-trinitro- 13 and 1,2,3,5-tetranitrobenzene

15 in excellent to quantitative yields when treated

with hydrogen peroxide(90 %) in concentrated sulfuric

acid(98 %). These are attractive preparative procedures

however the danger associated with hydrogen peroxide

(90 1) must be recognized. An inability of trifluoro-

peroxyacetic acid to oxidize either furoxan, 12 or 14,

is partially attributable to a deactivation of the

furoxan ring nitrogen and oxygen atoms by the nitro

substituent(s). The superior performance of mono-

persulfuric acid was revealed by the investigations

on 4,6-dinitrobenzofuroxan in mixtures of sulfuric

"acid and polyphosphoric . ,racids. When only poly-

phosphoric acid was present the yield of the tetra-

nitrobenzene 15 was 44 %; when only sulfuric acid was

present the yield was 100 % (Table 1). Oxidative
degradation may partially account for the deficiency

in mass balance for reactions in polyphosphoric acid.

4 The greater reactivity of the mononitrofuroxan 12 was

shown in a series of experiments in which mixtures of

12 and the dinitrofuroxan 14 competed for oxidation.

A large molar excess (40 to 80) of peroxide was re-

quired for satisfactory efficiency. (Table II).

TABLE I.

TABLE II.
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Two stages in the oxidation of benzofuroxan into

a polynitro compourd via a nitrosonitro intermediate,

e.g., 17, were probably involved. A retardation at

either stage may reflect deactivation by electron with-

drawal into (the) nitro substituent(s) in compounds 12

and 14.22 On the other hand there may be a balancing

-activation by a neighboring group participation of the

4-nitro substitutent, cf. 18 and 19.23 Further insight

will be sought by investigating the oxidation of 5-nitro-

benzofuroxan into 1,2,4-trinitrobenzene.
SNO 2  NO2

N H2 SO5  H2 so5 5NO 2

+/ C6 3 N O5  - , NO2

I

12

0 N 0j O

N 2s05 2s05 N30 2

/CG6HN 4 07  2 N2

14
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12(14) -- 4(O 2N)1Z i O • ( + 0 - 13(15)/:

2 "o 2/ N\o

0

A highly specific quantitative reduction of 4,6-

dinitrobenzofuroxan 14 into picramide 20 without the

formation of a detectable amount of an isomeric amine

by treatment with copper bronze in ethanol is now re-

ported.2b In a transfer of an electron from copper to

the heterocyclic ring, a control in the selection of

the nitrogen atom to be bound to coppar is provided by

electronic and steric factors associated with the 4-

nitro substituent as shown in the scheme.

-r:,/"' 00-,, + / 0" +
"0 % *0N Cu C

N + I I

+/00 Cu (a \

2 02N: 20 2 N' ;-0-"

2o II2o

14

NO2  NO2
I2 I

02NL(O N02  0 N -02u
2O0 N +

202 -

0
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Exnerimental Section. The infrared spectra were

recorded on a Perkin Elmer grating infrared spectropho-

tometer model 237B or 521. NMR spectra were obtained

on a Varian A-60 or T-60 spectrometer with T4S as an

internal standard. Mass spectra were recorded on AEI

Scientific Apparatus Limited MS 30 double beam mass

spectrometer at 70 ev with source temperature 120-1500 C.

Elemental analyses were carried out by Micro Tech Labor-

atories, Inc., Skokie, Illinois.

The following compounds are commercially avail-

able: benzofuroxan, mp 69-71°C, hydrogen peroxide,90 %,

d - 1.54; o-dinitrobenzene, mp 117-118°C; selenium di-

oxide, mp 315°C; tetramethyle.. sulfone, mp 27*C; 4-chlorn-

2-nitroaniline, mp 115-116*C; m-dichlorobenzene, bp 172-

173*C; benzil, mp 94-950C.

The following compounds were prepared according

to the literature: 4,6-dinitrobenzofuroxan, mp 171-

1720C;24 4-nitrobenzofuroxan, mp 142-143*C; 2 polyphos-

phoric acid;25 benzofurazan, mp 55-56*C;2 diphenyl-

furoxan, mp 117-118oC.
2

7

Except where otherwise specified a product yield

was based on recovered starting material.

Oxidation of benzofuroxan in polyphosphoric acid.

To a solution of benzofuroxan (1.36 g, 10 mmol) in
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polyphosphoric acid (30 ml), hydrogen peroxide(90 %,

3 ml, 123 mmol) was added dropwise at 0°C over a period

of 4 h, and stirred for 18 h at room temperature, and

24 h at 60-65 0C. The reaction mixture was diluted with

ice water and extracted with methylene chloride. The

extracts were dried with magnesium sulfate, filtered,

and concentrated to dryness to give o-dinitrobenzene,

mp 115-117*C:* (0.41 g, 2.5 •mol, 25 %).

A similar treatment in sulfuric acid(80 %, 20 ml)

and hydrogen peroxide(90 %, 1 ml, 41 mmol) afforded

0.22 g(13 %) of o-dinitrobenzene, mp 117-1180, from

benzofuroxan (1.36 g, 10 mnol).

Nitration of benzofuroxar in nitric acid(70 %)

free of nitrous acid, and hydrogen peroxide(90 %) at

OOC for 6 h and stirring for 3 days at 25*C afforded

4-nitrobenzofuroxan, mp 142-1436C (40 %) and 4,6-dinitro-

benzofuroxan, mp 171-172*C (21 ). An unidentified pale

yellow solid, mp 126-1300C, soluble in water and in

methanol(60 %) was also obtained.

Benzofuroxan gave o-dinitrobenzene(17 %) when

oxidized by hydrogen peroxide(90 U) in tetramethylene

sulfone or by hydrogen peroxide(90 %) and selenium di-

oxide in t-butyl alcohol. In 16 and 56 % amounts, benzo-
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guroxan was respectively recovered.

Oxidation of 4,6-dinitrobenzofuroxan in sulfuric

acid. To a soluticn of 4,6-dinitrobenzofuroxan (0.50 g,

2.2 miol) in sulfuric acid(98 %, 30 ml), hydrogen per-

oxide(90 %, 4 ml, 164 ramnl) was added dropwise at OC

over a period of 4 h and stirred for 3 days at room

*temperature. Methylene chloride extractions from the

reaction mixture diluted with ice water were dried

(MgSO 4), filtered and concentrated to dryness to give

a yellow solid mixture, 0.56 g. Nmr analysis showed

the presence of 1,2,3,5-tetranitrobenzene, 0.51 g

(99 %) and 0.05 g (10%) of 4,6-dinitrobenzofuroxan. Re-

crystallization from chlorofo gave 1,2,3,5-tetranitro-

benzofuroxan, mp 126-127 0C," nmr(CDCl3): 6 9.3(s),

W/e 70ev: 258(M+).

A similar treatment transformed 4-nitrobenzofur-

oxan into 1,2,3-trinitrobenzene, mp 120-122 0 C2 ' (80 %)

after recrystallization of the residue obtained by

evaporating to dryness a methylene chloride solution;

nmriethyl acetate): 6 8.60-8.75(d,2 H) and 8.05-8.30

(t,l H); m/e (70 ev): 213(Mt).

Oxidation of 4,6-dinitrobenzofuroxan in mixtures of

sulfuric and polyphosphoric acids. To a solution of

4,6-dinitrobenzofuroxan (0.50 g. 2.2 mmol) in a mixture
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of sulfuric(98 %) and polyphosphoric acids (30 ml;, hydro-

gen peroxide (90 %, 3 ml, 123 mmol) was added dropwise

at 00 C over a period of 4 h, and stirred for 3 days at

room temperature. Methylene chloride extractions, ob-

tained from the reaction mixture diluted with ice water,

were dried with magnesium sulfate, filtered, and con-

centrated to dryness to give a yellow solid mixture.

Analysis by nmr quantitatively established the presence

of 1,2,3,5-tetranitrobenzene and starting material. The

results are presented in Table I.

Reduction of 4,6-dinitrobenzofuroxan 14 by copper. 3"

To the furoxan (1.0 g, 4.4. imol) in methanol (100 ml)

copper (0.422 g, 67 zmol), or copper bronze powder, and

hydrochloric acid(37 %, 1 ml) were added. The mixture

was heated to reflux for 22 h and filtered. The filt-

rate was combined with an acetone wash of the precipi-

tate and concentrated by evaporation and the residue

isolated by chromatography from an alumina column or

by recrystallization to give picramide, mp 188-190*C,

0.88 g(87 %). When the reaction was run in ethanol the

yield was 80 %.
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TABLE I

Oxidation of 4 16-Dinitrobenzofuroxan 14 in mixtures og

sulfuric and polyphosphoric acids (PPA) and hydrogen

peroxide.a

Ru. oue rdc Recovered Product 17

nur~ber jHsob PPAC mixture, g 13, %d yield, %d

1 1100 0.45 83 44

2 10 )SO 0.48 90 50

30 70 0.47 90 55

4 50 50 0.47 87 50

5 80 20 0.47 52 76

6 90 10o 0.53 40 97

7 100 0 0.54 33 100

"aIn each run there was 0.5 g (2.8 mmol) of the fur-

Soxan 14 and 3.0 ml (123 aunol) of H2 0 2(90 %) in 30 ml of

acid ox acid mixture. b98 %. cref. 25. dThe composi-

ti~on of ezch product mixture in ethyl acetate was de-

termined by an nmr analysis with authentic samples as

standards. The yield ot nitio compound 15 was based

on converted starting material.
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TABIZ IT

Oxidation of Equimolara Mixtures of 4-Nitrobenzo-

furoxan 12 and 4,6-Dinitroben-ofuroxan 14 in Mono-

persulfuric Acidb

Run Hydrogen Time, Recovered Nitro

number Peroxide,ml days furoxans(S)c compounds(%)c

1 d1 12(0) 13(8)

14(73) 15(27)f

2 2d 2 12(0) .3(78)e

14(70) 15(30)f

13 i 1 12(trace) 1 3 ( 7 5 )e

14(80) 15(20)f

4 J 2 12(trace) 1 3 (7 8)e

14(72) 15 (28 )f

a 2.2 mnol of 12 and of 14. b 3 0 ml H 2SO 4(98 %) C Each

mixture of furoxans and nitro compounds was quantita-

tively analyzed by nmr (ethyl acetate) with authentic

compounds as standards. Yields are based on 2.2 mmol

of starting material. d 8 2 =o01. e Degradation of 12

assumed, f Quantitative yield based on recovered start-

ing material. g 41 nmol.
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DICYANOFRXAN ;64D IMYDRAZI;E OR HYr.OXYL;*U-NZ

By joseph 9. Boyer* and T. Per-mal Piliai

Department of Chem-str--y,, University of Illnois

Chicago Circle Campus, Chicago, :1ltnois 60680 U.S.A.

Abstract - Dicyanofuroxan combined -ith hydrazine to produce

1,4-diami-o (4,S-clpyridazinsfurioxan (or an imine tautomer .7a) and w.ith

hydroxylamine to produce the mine 2b of l-oxo-4-am (.o (4,5-cl oxaszino-

furoxan; mild the-rclysls of the latter adduct gave 3(4)-cyano-4(3)-ca:-

ba&yl furoxan 8.

The explosive nature of a mixture' of dicyanofuroxan DOCF) 1 and hydrazine may have

precluded further investigations on the chemical properties of the system. A re-

action, not necessarily important in -he explosion process, has been found to occur

near V.C and to provide an efficient preparation of ,4-dLam.noE[4,5-:c!pyridaz:-no-

furoxan 2a.',' A similar reaction .-- h hydroxylamine gave the iLamne 2b of l-oxo-4-

amino(4,S-cloxazmnofuroxan, also in good yield,,

0NH, 71

"IN HZH N 4 IiNC_-C'\N H•Z.H_ N: C !I0" .,Z NH

-- rsd't--. eoliLn [ il J

An amidrazone 3a and aso amidoxi=e 2b Were assumed but un.deteCted .nit.al :..n-

Ster--d-ates ca-able of cycizing directly into tne appropriate product ,a..v. There

was no evidence for an a&tertative cyclmzation i-to a pyrrolinofuroxan 4,5 a mole-

cule sublect to the characteristic strain of a 5-3-bicycl.c system f-sed through

plana: (sp') atoms."' Thins factor presumably accounted for tne fa.l1re to ootaýn

a 'icyclm: imid.e S on nesting the diam.de 5 of furoxand-carboxylc acmd.

NH
HZNHC--C iI 010 O - --I-

. L NC-C.NIj
3aZ=NH

3b,Z= 0
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F NZH 1

~ZNH

d- 0 d0
I . 11 1

H 2NC0C -P\ 1C
1 0 -~--e- HN 1 0 *NH,

HaNC0C,,N I-

0 0

A preference showdn by each reagent to --eact at cYano subst-tuents rather than

at dipole centers in the !urexan rings in compounds 11, 2, and L is consistent with

the inability of other monc~aclic furoxans to be reactive toward bydrazines and

hydroxy lamines. Zni contrast benzofuroxcans have been reduced to dioximes of o-ben-

toqinornes by substituted hydrazirnes and by hydrzxy2.amine," and to give a-nitzo-

aryL hydrizines or treatment with certain &mnes.~

.Atderate heat transformed the oxazinofurcxan 2b into 4(3S -cysno-3M4 creo

ylfuroxa~n S. -his rearrange=ent and eli.mination can be attributed to an initial

tauwomerization of 2b into an 0-izzdoyl'.dr*xylamine_ a rarely encountered type

of mol~ecule. :ts ability to undergo thermal elimination of Limdogsn parallels the

* loss of ben-zcvl nitrene from O,H--dLbenzcyl' hydroxylazine. "

H NH N1
2b-- NH C- N[r4 I 100CC d'NO

2h o' oC-ý4HNCOC I
L) 7

CNL C J

H 0
1 11

CIHSCON \0 ,ccH, CIH,COOH CHSCON(-C,HNCO)
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Exper=,sntal Sect-on

To dicyanofuroxant",, (1.0 9, 8.0 mmolel in d~oethylforýzamude t.F47) (30 ml)

at 0*C hydrazine hydrate "(85 0.8 g, 15 mmole) in O.MF (S ml) was aded dropwise

over 0.5 hour with sti-rring which was then continued for 2 hours. Crushed ice das

added, the aqujeous solution was extracted witn eth'er (200 =I) and the organic '-Ay-

er was washed with cold -dater (3 x 100 ml). T.he residue after removal of the

ather recrystallized from a mixture of ethyl acetate and hexane as the !uroxan -,

a yellow solid, 67% mp 119-Il19C (decl; satisfactory anallysis for C, H and M;

(K•r): 3460 (m), 3370 (m) and 1600 cm-': (); nmr( •,) ,CO): 56.4 (broad singlet, ex-

changed with (O) ; n:=/a (70 eV) (S) : 168 (100) M÷, 152(5) , 151(S) , 139(70) , 138(ii)

and 108(90); ''C nmr (DCSO-d&): 96.64, 107.33, 132.35 and 151.42 ppm.''

The substitution of a molar equivalent of hydroxylamine for hydrazi•.., ard

methylene chloride for ether in *xtrsctt-on afforded the". furoxan .1b, as a colorless

solid, 781. =p 143-144* (dec); satisfactory anal-ysts for C, H and N; ir(OMr): 3470

(a),, 3360 (i) and 1610 cm'-(); )nar ((CD,):CO):65.9 (exchangeable with 0 0); i/c

(70 eV)(1): 169(5) M*, 168(100). (153(5), 138(10), 109,90): "C oar (CMSO-d,).

96.60, 107.00, 142.22 and 150.53 ppm.'

Heating in a mixture of ethyl acetate and hexane brought about the change

2b - 8 The amide _8 was obtained as a colorless solid, =p 170-179C (dec):"

i-(K•r). 3390 (m) 3300 (w) , 3220 (m) , 2250 (s) , 1700 Cs), 162 Cs) , !0O (as,

.485 (i), 1375 (m), 1065 (m), 1030 (m) and 840 cm"' m);: -.ar (rC:2),CC): i7.35

(broad, exchangeable with D0o; a/* ({0 ev) %): 154(100) M., 139(5), 124(50),,

112(50), 111(80), 109(30), 95(5) and 92(5): satisfactcry analysis for C, 0 and u.

Acknowledg-ent. Financial support was received from the Office of .aval

Research.
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BROMINE OXIDATION OF THE DIPOTASSIUM SALT OF

a,a'-DINITROSUCCINONITRILE INTO THE POTASSIUM SALT OF

NITROKETOSUCCINONITRILE.

T. P. Pillai and J. H. Boyer

Chemistry Department, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680

Abstract. The potassium salt 9 of nitroketosuccinoni-

trile and potassium bromide were produced by bromine

oxidation at a nitronate anion in the dipotassium salt

of a,a'-dinitrosuccinonitrile.

Introduction. Comparable electronic effects for cyano

and nitro groups permit the projection of many of the

useful properties of tetracyanoethylene (TCNE)
1 

to the

other six derivatives in which ethylene is tetrasubsti-

tuted by combinations of these two groups. Tetranitro-

ethylene 1, apparently highly reactive,
2

has not been
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"isolated but has been trapped as its Diels-Alder add-

ucts with anthracene and cyclopentadiene.3 Tricyano-

nitro-, trinitrocyano- and l,l-dicyano-2,2-dinitro-

ethylene and dinitromaleo- 2a and dinitrofumaronitrile

2b remain unknown.

W Y W = X = Y = Z : NO 1
\ /

C=C W = X = CN, X = Z = NO2 2a! \
X Z W = Z = CN, X = Y = NO2 2b

Unsuccessful attempts to produce olefins 1 or 2 have

included (1) coupling from methylene derivatives, e.g.,

dihalodinitromethane X2 C(N0 2 ) 2 , 4 ' 5 dihalonitroacetoni-

trile X2 C(NO2 )CN, 4,6 or nitroacetonitrile, 0 2 NCH 2 CN; 6,7

(2) elimination reactions from hexasubstituted ethanes,

e. g., 1,2-dichlorotetranitroethane, [Cl(O2 N)2 C] 2 ; 8

and (3) oxidation at nitrogen in certain derivatives of

the NCCN moiety.9

Halogen oxidation of dinitronate salts has been

erratic. Bromine oxidized the disodium salt 3 of dini-

troethane into 1,2-dinitroethylene 4 but transformed the

disilver salt 5 of tetranitrDethane into 1,1,2-tri- bro-

mo-l,2,2-trinitroethane 6.8,10 Chlorine and the dipo-

tasslum salt 7 of a.a'-dinitrosuccinonitrile gave
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l,2-dichloro-l,2-dicyano-l,2-dinitroethane 8.11

Na+ -O2N CHCH=NO2 +Na Br 0NCH:CHNO2 2 ~-50°C 22

3 4

Br
AgO 2N=C(NO 2)C(NO 2 ) N02 2Ag -2-- oBr 2 C(N0 2 )C(NO2) 2 Br

56
cl2

K+ -0 N=C(CN)C(CN)=NO +K --. (ClC(NO2 )CN) 22 22 2
7 8

Results. In contrast with the chlorination reaction 7

8, bromine and the dipotassium salt 7 gave the potassium

salt 9 (21%) of nitroketosuccinonitrile along with potas-

sium bromide (77%). The structure for the salt 9 was

supported by elemental analysis and by infrared absorp-

tion at 2200 (w, cyano group) and 1645 cm-1 (m,

carbonyl group in a salt of an a-nitroketone).12 Other

ir absorption at 1590 (s) and 1380 cm" 1 (s) is charact-

eristic of a nitro group. The salt 9 resisted attack by

halogen, a property previously reported for the dipotas-

sium salt 10 of tetranitroethane (prepared along with a

mixed halogen from 1,2-dichlorotetranitroethane and

potassium iodide).8 In concentrated sulfuric acid at

-40', the salt 9 gave an intractable mixture, and in
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methanol it was slowly converted into an unidentified

solid, C6 H5 N3 0 5 K2 , mp 276-277*C (dec).

Br 2 ,0 0 C
7 - -B- p. K+[OC(CN)=C(CN)NO24-4-- O=C(CN)C(CN)=NO ]- -Br

9
KI++

(ClC(N o2)2)2+ -_1.K 02N=C(NO2',C(NO2)=NO2K÷
-ICI 10

Discussion. Electrophilic attack by halogen on a mononi-

tronate salt is known to produce a erem-halonitro com-

pound.13 Apparently, similar reactions gave the dichlo-

ride 8 and 1,2-dichlorotetranitroethane 11 from the di-

nitronates 7 and 5.8.11 An electron transfer from a ni-

tronate anion to halogen can initiate these as well as

- x2
R 2C:NO 2 i R-2 CXNO 2, X = Cl, Br

C1 2

5 0. (((O 2N)2 CCl)2

11

similar reactions, i.e., 3 - 4, 5 - 6, 7 - 8 and 7 - 9

- by the formation of intermediate radical anions. 1 4

The intermediate 12 from the dinitronate 3 can afford

the olefin 4 by an additional electron transfer and

account for the formation of l,4-dinitrobutadiene
1 4
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by coupling of intermediate 12 followed by an

additional electron transfer and 1,2-elimination of

dinitrogen tetroxide.
-0C Br2

3 Br2 -0 0 2 NCHCHNO2 - _ 4

12

12 - -- 0 N=CHCH(NO )CH(NO )CH=NO
2 2 2 2

13

13 * Br - 0 NCH=CHCH=CHNO + N 0 * Br" + Br-m - 2 2 2 24

14

15

Ejection of a nitro group as a nitrite anion from

the intermediate radical anion 15 (generated from the

dinitronare 5) can lead to the formation of the tribro-

motrinitroethane 6 on further reaction with bromine.

An expected evolution of nitrogen oxides was not repo-

rted in the abstract.
8

Br 2  -NO2  2Br 25 - 3-P 0 2N)2 C=NO - 02NC:C(NO2)2 -Br*
-Br NO2 -r-Br.
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In the conversion of an intermediate radical anion

16 from the dinitronate 7 into the ketonitronate 9 a

nitro group was the presumed source of the keto oxygen

atom.16 A differentiation between intramolecular and

intermolecular creation of new carbon-oxygen bonding

can not be made at this time; however, it was assumed

that in either event isomerization of a nitro deriva-

tive into a nitrite ester occurred. There is precedent

"for both the thermal isomerization (Path A) 1 7 and also

for expulsion of a nitrite anion followed by recombina-

tion and expulsion of nitric oxide (Path B)3 to give

an a-oxonitronate salt.

Br 2  O
7 0=-CNO2

-Br- o2 -~ 2

-Br* NC CN

16

,- ( -NO
A., 16- 0NC-O O~ NOC-CN02---- 0- OC-CýN02- I I I I

NC CN NC CN NC CN

17 9

-NO 2  -ONO -NO

B:. 16 -N - CC=CNO -O - 17 -NO 9

NC CN
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An investigation of the elimination of dinitrogen

tetroxide from tetranitrosuccinonitrile 1818 was thwar-

ted when nitration of the dinitronate salt 7 failed to

produce 18 and gave instead an unidentified compound 19.

HNO 3 HrO3

NCC(NO 2 ) 2C(NO2)2)CN _7 1 C4H7407

18 H2SO4 H2SO 19 4

Acknowledgement: Financial assistance was received
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Experimental. 19

Potassium salt 9 of nitroketosuccinonitrile. To a

suspension of a,a'-dinitrosuccinonitrile 1 1 (1.47g, 6

mmol) in anhydrous etber (50 ml) in a three necked

round bottom flask equipped with a drying tube filled

with Drierite and cooled to -5 'C, bromine (4.0 g, 24

mmol) was added dropwise with vigorous stirring over 45

minutes. After the mixture was stirred at 0 'C for 16

hours a colorless precipitate, 1.68 g, mp > 300 0C, was
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isolated by filtration and dissolved in hot methanol

(40 ml). Dry ether was added to precipitate potassium

bromide. 0.54 g, 77%. with a confirmation of its iden-

tification b'y the precipiration of silver bromide on

treatment with a solution of silver nitrate. Concen-

tration of the mother liquor brought about the separa-

tion -f the salt 9, 0.23 g (21%), mp 193-194 *C (dec)

after recrystallization from methanol; ir (KBr): 2220

(w, CN), 1645 (m, CO or C=N), 1590 (s, NO2 ), 1460 (m),

1380 (s, NO2 ) and 1325 (m); calc'd for C4 N3 0 3 K: C,

27.12; N, 23.72; 0, 27.12; K, 22.02; found: C, 27.27,

27.07; N, 23.68, 23.59 (other samples gave found 0,

28.83, 29.11 and K, 20.14).

Repeated recrystallizations of the salt 9 from meth-

anol gave an unidentified colorless solid, mp 276-277

*C (dec); ir (KBr), 2210 km, CN), 1710 (s, CO),

1440(w), 1360(s), 1300(n) and 1110(s); nmr(CH3 COCH 3

and DMSO-D 6 ): 6 2.9(s, 2) and 3.5 (s, 3); anal.

calc'd. for C6 H5 N3 0 5 K2 : C. 25.99; H, 1.80; N, 15.16; 0,

28.88; found: C, 26.45, 26.54; H, 1.73, 1.69; N, 15.&9,

15.39; 0, 28.15, 28.42.

Attempted nitration of the salt 7. To a suspension
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of the salt 7 (0.98 g, 4 mmol) in anhydrous methylene

chloride (25 ml) at -35 'C concentrated sulfuric acid

(5 ml) was added dropwise as a light green paste

formed. A solution of concentrated sulfuric acid (2

ml) and fuming nitric acid (2 ml) Aas then added drop-

wise and the mixture held for 15 m at -30 °C before

warming gradually to 20 'C. It was stirred for 30 m

and the separated methylene chloride layer was dried

(Na 2 SO4 ) and concentrated to leave a yellow gum. Tri-

turation with tetrahydrofuran (0.5 ml) gave a yellow

solid, 0.42 g (52%), mp 167-168 °C (dec) after recrys-

tallization from acetic acid; ir(KBr): 3345(m),

32
4

0(m), 1670(s), 1620(s), 1380(s), 1265 cm'I(m);

calc'd for C4 H6 N4 0 7 : C, 21.62; H, 2.70; N, 25.22; 0,

50.45; found: C, 22.14, 21.96; H, 2.78, 2.76; N, 25.59,

25.64; 0, 47.94, 47.76.
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O-CYANOMETHYLOXIME OF NITROGLYOXYLONITRILE

By T. Perumal Pillai and Joseph H. Boyer*

Chemistry Department, Chicago Circle Campus
University of Illinois, Chicago, Illinois 60680

The formation of the 0-cyanomethyl ether 3 (a nitrolate

ester) of nitroglyoxylonitrile oxime from iodoacetonitrile

and silver nitrite (eq 1,2) offers a new preparation of a

nitrolate ester independent of an c-nitronitronate ester or

anhydride. -3

AgNO 2  AgNO 2
ICH2 CN 2---O2NCH 2CN -- AgON=C (NO,)CN (1)

J2

ICH2 CN H2 0
2 -- NCCH2ON=C(NO 2 )CN -g,-HOCH2CN + HON=C(NO 2 )CN (2)

3 4

Nitrosation of unisolated nitroacetonxtrile 1' followed

by alkylation of the nitrolate 2 s by iodoacetonitrile ac-

-- I counted for the formation of the ether 3. Competitive alkyl-

ation at the oxime nitrogen atom was apparently retarded by

an electron withdrawal into the cyano and nitro groups. 6

The liquid nitrolate ester 3 (44%) was the only product iso-

lated; its structure assignment was supported by spectroscopy,

elemental analysis and chemical reaction (eq 3).

+ HOCHCN -20 NCCH 2ON=C(OCH;CN)CN (3)
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4 -----•HCN + CO, + N,0 (4)

Warm water transformed the ether 3 into the O-cyano-

methyl ether 5 (48%), mp 73-74*C,2 of cyanomethyl cyanoform-

ate oxime (eq 2 and 3). Its formation can be accounted for

by a nucleophilic substitution of the nitro group in a reac-

tion between the oxime ether 3 and the cyanohydrin of form-

aldehyde, a hydrolytic intermediate. The nitrolic acid 4 was

undetected and was presumably hydrolyzed into hydrogen cy-

anide, carbon dioxide and nitrous oxide (eq 4)0. The struc-

ture assignment for compound 5 was supported by spectro-

scopy and elemental analysis.

EXPERIMENTAL

Instruments included Perkin Elmer 237B and 521 grating
ir, Varian T-60 and Bruker WP-30 nmr and Varian MS-30 spec-
trometers. Elemental analyses were obtained from Micro-Tech
Laboratories, Skokie, Illinois.

O-Cyanomethyl ether 3 of nitroglyoxylonitrile oxime.-Iodoace-

tonitrile (20.04 g, 0.12 mole) was dissolved in 200 ml of

dry ether in a 500 ml three-necked round-bottom flask equip-

ped with a mechanica! stirrer and reflux condenser. Silver

nitrite (22.95 g, 0.15 mole) was added in one portion. Af-

ter the mixture was heated at reflux temperature with vigor-

ous stirring for 20 h it was cooled and filtered. The ether

solution was dried (Mg:SO,) and zoncentrated to give the oxime

3as a yellow viscous oil (8.1 g, 44%). The oxime was eluted

from a column (4 x 90 cm) of silica gel (100 g) by chloroform

to give 6.8 g (37)%. Anal. calcd for CH2ýNO 3 : C,31.18;

11,1.31; N,36.36; found: C,31.22; H,1.29; N,36.083 Ir(CH;Cl,):
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3005(w,CH 2) , 2220(w,CýN) , 1605(s,C=N) , 1570 (s,N0 2 ) and

1340 cm 1 (mNo 2 ); pmr (CDCI 3 ) : 6 5.2 (s, not exchangeable

with D20); 
3Cnmr (CDCI 3): 6 125.49(-N=Cj, I!3.01(NC-CH21,

103.24(=C-C.N) and 63.89 ppm (0CH 2), split into a triplet in

the coupled spectrum; m/e(70 ev)(%): 154(100) M+ 153(40),

152(50), 138(90), 137(50), 127(80), 126(751 and 109(75).

O-Cyanomethyl ether 5 of the oxime of cyanomeunyl -

formate.-A mixture of the oxime ether 3 (2 g, 12 mmole) and

* • water (10 ml) was refluxed (25 h), cooled and filtered to

give the ether 5 as a light yellow solid, 0.51 g (48%), mp

73-741* after recrystallization from a mixture of ethyl ace-

* tate and hexane. Ir(CH2Cl 2) : 2250(w,CN) and 1615 cm-1

(m,C=N); pmr((CD3 ).,CO) : 6 5.13(s,CH2) and 5.26 (s,CHz),

neither exchangeable with D0); 13Cnmr (CDCI 3 and (CD 3 ) 2 SO):

6 138.28(N=C), ll5.10(CsN), I13.35(C-N), I05.53(=C-CN),

- I 60.93(OCH2 ) and 54.42(OCH2 ); m/e (70ev) (%): 164(15) M+,

138(10), 134(20), 109(5), 107(10), 104(20), 94(90), 84(20)

80(80) and 79(100); anal. calcd for C6HN,02: C,43.91; H,2.46;

"N,34.14; found: C,43.96; H,2.38; N,34.04.
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Peroxide Oxidation of Diaminomaleonitrile and Derivatives

By Joseph H. Boyer*, V. T. Ramakrishnan and T. P. Pillai

Chemistry Department, University of Illinois, Chicago Circle

Campus, Chicago, Illinois 60680, U.S.A.

Diaminomaleonitrile (DAMN) and hydrogen peroxide

in acetone produced oxamide in 80% yield. Hydrogen

peroxide complexed with 1,4-diazabicyclooctane (DABCO)

had no effect on DAMN but the monobenzylidene deriva-

tive of DAMN took up one equivalent of peroxide from

DABCO.2H 2 02 to give the monobenzylidene derivative

6of E-l-cyano-2-carbamoyl-l,2-di-aminoethylene. The

olefin 6 in dimethylsulfoxide slowly isomerized into

its Z-form 3 and the reverse isomerization occurred in

o-dichlorobenzene at 180*C. The mono-N-acetyl deriva-

tive of DAMN took up one equivalent of hydrogen perox-

ide to give an unassigned mono-N-acetyl derivative of

2,3,4-tri- amino-S-oxopyrroline in good yield.

Introduction. An intermediate with peroxyimidic acid groups

accounted for the Padziszewski reactionl whereby fumaronitrile

and alkaline peroxide quantitatively produced the diamide of

fumaric acid. A regiospecific control was attributed to the

intermediate 2 in the similar hydration of a cyano group in a

mono imine derivative I of diaminomaleonitrile (DAMN) by aqueous

hydrogen peroxide in alcohol. Cyclization of the amide 3 in

warm ammonium hydroxide into a pyrrolone confirmed the cis-rela-
4
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tionship between the carbamoyl and cyano substituents. Certain

other mono- and bis-imines of DAMN similarly gave amides but

N,N'-dibenzylidenediamirminaleonitrile was unreactive toward per-

oxide and both N-acetyl and N'-benzyl derivatives of the amine

1 gave unidentified material.'

On the other hand hydrogen peroxide in the presence of

sodium hydroxide transformed the diazepine 4 (from DAMN and pen-

tan-2,4-dione) into a bicyclic peroxide 5 (75%) and a trace of

oxamide. In the absence of a base the reaction gave larger

amounts of oxamide and tract- amounts of the peroxide 5. The

diazepine 4 was unreactive toward either m-chloroperbenzoic or

trifluoroperacetic acids under mild conditions whereas more rig-

orous conditions brought about the formation of intractable

material.'

OOH

IHrCN H2 0 2  HCC=N H 20 2  HCCONH 2

NC1H -- Do, II II
HO N-NCCH H 2NCOCH

1 -02

HOO -HO-

Sii 3
NCCN=CHCH, HO N'-CCNH, NCCN=CHCH,

NCCNH, Na2 MoO. 6-0 H2NCOCNH 22• I ~25*C 23

--- ::2
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NH2

3 NH 4OH N6/C-CNCHC6Hs

\C-CNH,

0

,N=CCH 3  ,NH-CCH3
NCC H,0 2  NCC /

11 CH2  1 CH, (H2NCO) 2
N C C / -O H N C C N H . -C H

'-N=CCH, ~NH-CCH3

4 5

Results. Oxamide was produced from hydrogen peroxide and DAMN

in acetone, methylene chloride, chloroform cr methanol but not

in tetrahydrofuran (THF) or acetonitrile. Peracetic, trifluoro-

peracetic, m-chloroperbenzoic (MCPBA) and monopermaleic acids

* with DAMN gave intractable product mixtures (Table).

NCCNH 2  H202

1 i H2 NCOCONH 2

NCCNH 2

The complex DABCO*2H2 0 2 slowly bat efficiently converted the

N-benzylidene derivative I in THF into an intermediate which

rapidly gave the mono amide 6 on the addition of water; trace

amounts of the isomeric amide 3 were detected. On storage in

dimethyl sulfoxide at room temperature for five weeks the amide

6 isomerized into amide 3; the reverse isomerizacion 3 - 6(77%)

occurred in o-dichlorobenzene at 180*C.'
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THF HO NCCN=CHCH,

H2NCCONHZ

1 + DABCO'2H2 02 6

C2HOH

0 3

H20 H2 NCO

CHUCH=NCU= 2 C(NH2 )CN 7

Investigations on oxidation of DAMN and various derivatives

and summarized in the Table.

Table

The structural assignment for amide 6 was supported by

"C-nmr chemical shifts (ppm) at 151.25 (C-2) and at 94.58

(C-3), their close association with 152.11 (C-2) and 92.70 (C-3)

reported for the amide 3, and the chemial shift differences in

C-2 and C-3: 56.67 for amide 6 and 59.41 for amide 3 which

agree with the calculated difference of 60.1 and do not support

the alternative assignment of amide 7 for which a chemical shift

difference in C-2 and C-3 of 11.7 was calculated.'

N-acetyldiamilomaleonitrile' 8 and DABCO*2H 20, gave an

intermediate insoluble in chloroform. It was assumed to be a

complex between compound 8 and hydrogen peroxide since absorp-

tion for the cyano group at 2195 cm- 1 was detected and treatment

with water gave a mono-N-acetyl derivative 9 of

2.3,4-triamino-5-oxopyrroline, a structure supported by ir

absorption at 1745 and 1696 cm- for cyclic and acyclic amide
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carbonyl groups, nmr signals at 6 2.04 (CH,) and at 6 5.4 and

2.9 (NH, exchangeable with D20), m/e (70 ev) 168 M-, and ele-

mental analyses. The oxopyrroline 9 remained unchanged in the

presence of hydrogen peroxide at 25°C for 24 h; however, after

21 days it was transformed into oxamide.

NH,
NCCNHCOCH3  H2O / }NHR

II DABCO.2HO 2,,. 8-2H 202 -H - N j}O
NCCNH2  THF - 2H- NH

8

9 R= COCH3

Discussion. A Radziszewski intermediate 1.0 and its rirn isomer

11 accounted for the formation of oxamide from DAMN and hydrogen

peroxide (90%) in acetone. An alternative cyclization of inter-

mediate 10 (R = COCH,) with expulsion of hydrogen peroxide

(its assumed oxidation into oxygen resembled the last step of

the Radziszewski reaction) accounted for the formation of the

N-acetyl derivative 9 of triaminooxopyrroline.

i-- OOH O0-0
H20 2  I 4 1

NCCNIR - HN=C -CNHR IN=C ZCNHR

NCCNH12  HN=C-CNH 2  H 2N CNfl2

10) 11

H 2NCOCONHR + H2 NC=CNH 2 (-'---*H2NCOCONH 2 )! I
0-0O



Conversion of the mono benzylidene derivative 1 of DAIIN

into the geometrically isomeric amides 3 and 6 is obviously not

controlled by the previous intermediate .2. An apparent need for

intermediate equivalency between C2-C3 atoms and their transfor-

mation into transient sp' carbon atoms can be satisfied by a

peroxide attack on either of these two atoms in the d~hydroimi-

dazole cyclic tautomer 12 to produce the anion 13a. Ring-chain

isomerization into the peroxyimidate anion i3b and hydrolytic

reduction (completion of a Radziszewski reaction) can account

for the formation of amide 6. On the other hand an isomeriza-

tion 13a - 13c (see scheme) afforded amide 3 by completion of a

Radziszewski reaction. Unlike its isomer 3, which underwent

cyclization into a 5-oxopyrroline compound 6 was unaffected by

similar treatment with ammonium hydroxide,

H H

NCC /N 
NCC \ N

- , 1 I; CHC6 Hs HOOI
NCCN/ - N.NCC / C

H HOO H
12 13a

H

NCC=N-"CHC6jHj NCC'" CHCH5
NCC__NH, I

HNC //N
4 HOO

NCCN=CHC6 H,
II H'O

H 2NCC=NH ' 6
1 - H,0, --

0-0 H0-
13b
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13a NCCN=CHCri-H

N=CCNH, .

HOO -HO-
13c

EXPERIMENTAL

Instruments included Perkin Elmer 227B and 521 grating

i.r., Varian A-60 and T-60 and Broker WP-80 and A.F.I. HS30

double-beam masz spectromecern. Yields were based oi- starting

materials consumed. Eles,ental analyses wcre provided by Micro-

-Tech Laboratories, Skokie, Illinols. DAMN was commercially

available.

DAMN and Hvdrn cn Peroxide. After a soluti(,, of DAW- (1.0

g, 10 umoci) in tetrahydrofuran (THF) (50ml) was treited with

hydrogen perexide (90%, 0.9 ml, 32 mmol) and stirred at room

tempezeturc for 16 hours only DAMN was detected by tic. The

tclvent war zereoved in a rotary ev3porator• (< 45°C) and chloro-

form L'es added to the viscous xesidue. A vit-lent reaction

occurre- vithin a Eew minutes and oxamide (1.4 g , 80%) preci-

poted; dec above 35OcC-3 satiasactory titracion of oxalic acid

derived from the amide aga.nst permanganate; iz (KBr):, 3360

(br,s.i?-., 3160, 1650 (br.s,CO), 1340 and 1095 cn:" m'e

*(7'e'.i 't7):. 88(100) M'. 70(60), and 60,50).

rý -olution of DA•!N (2.0 g, 20 mnol) in acetone (30 ml) with

* hyvr-e;gn peroxide (90%., 10 ml) was heated at reflux for 20 h to

aive oxaovide (1.06 g, 78%).
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j-Acetvyida'inoza!zonitrile and DABCO.2H.02 A solution

of N-acetyldiaminomaleonitrile' (1.0 g, 6.7 mmol) in THF (100

ml) was stirred with DABCO-2H2 027 (3.0 g, 16.7 mmol) at room

remperature for 16 hours. Filtration separated the unreacted

DABCO2H,0 1 as a colorless solid (1.6 g). THF was removed

by evaporation; the residue was triturated with chloroform and

collected by filtretion as a light yellow solid (1.5 g., mp

200-2024C, dec.) whicn dissolved in water to give, after a few

minutes, an unassigned mono-N-acetyl derivative 9 of

2,3,4-triavino-5-oxopyrroline as a yellow solid, 0.65 g., mp >

260MC after recrystallization from dimethyl formamide; ir (KBr):,

3100-3400, 1745 (s), 1696 (m), 1620-1650 (s). 1520 (s), 1400

(s), 1365 (w), 1285 (m) cm''; m/e (70 ev) (%):, 168 (15) M,

126 M63), 71 (Q2), 43 (100); nmr (DMSO-d,): 6 2.04 (s,

CHI), 5.4 and 9.23 exchanged with D120; found: C, 42.74; H,

4,86: Nf 33 03; C,H.N.0 2 requires C, 42.86; H, 4.80; N,

33.32%.

Benzylhdenediaminonaleonitrile. Diaminomaleonitrile (8.0

g, 74 mmol), benzaldehyde (11.0 g, 104 mmol) and a few drops of

trifluoroacetic acid in methanol (200 ml) was stirred for 16

hours. The product 1. partially soluble in methanol was

obtained quantitatively (14.3 g) on concentration of the sol-

vent; mp 198-200 "C (dec)4; "OC-nmr(DMSO-dQ), 6 102.81.

113.74, 114.42, 126.96, 128.75, 129.04, 131.52, 135.55, 155 23.

DA.MN and 2ermaleic acid. A solution of hydrogen peroxide

(90%, 7.0 g. 185 mmol), 1.2-dimethoxyethane (150 ml) and mdleic
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anhydride (24.0 g, 250 mmol) was heated to reflux, treated with

a solution of DAMN (2.0 g., 18.5 mmol) in dimethoxyethane and

heated at reflux for 16 hours. Solvent was removed and the

reside diluted with water and extracted with ethyl acetate. The

organic layer was washed with sodium carbonate solution, dried

(MgSO.) and removed to leave a residue in trace amount. Com-

bined yields from several runs were chromatographically sepa-

* rated from a column of silica gel. Elution with chloroform gave

2-amino-3,5,6-tricyanopyrazine, mp 220-222°C (dec)s (ethyl ace-

tate-chloroform) and cyanoformamide, mp 60-62*CiO(ethyl acetate-

chloroform); ir (CHCI 2 ): 3485 (m), 3370 (m), 2235 (w),

1725 (s), 1592 (m), cm-'; m/e (70 ev): 70 M÷.

Benzylidendiaminomaleonitrile and DABCO*2H2 02 A solu-

tion of benzylidenediaminomaleonitrile' (1.0 g, 5 mmol) in THF

(50 ml) was treated with DABCO-2H2 ,O2 (2.0 g, 10.7 mmol) and

stirred at room temperature for 30 days. Solvent removal,

treatment of the residue with water, and filtration gave a

solid, 0.7 g (two spots tlc). The E-monoamide 6 of benzyli-

denediaminomaleonitrile separated from a solution of the mixture

in dimethyl rormamide and tetrahydrofuran; mp 225-7 0 C(dec); ir

(KBr):• 3420, 3200-3300. 2185, 1695, 1610, 1560, 1420 cm-';

mie(70 ev) (%): 214 (55) M , 213 (28), 197 (4), 196 (25), 170

(10), 169 (6), 143 (8). 142 (25), 138 (8), 137 (100), 120 (40),

117 (14), 116 (22). 115 (12), 111 (12), 106 (10), 104 (20), 95

(14). 91 (8), 90 (23). 89 (26), 78 (22), 77 (20); found: C,

61.31; H, 4.79: N. 25.90; CIH 1 .NýO requires C. 61.67:ý H,

4.'l; N, 26.15%.
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The Z -monoamide 3 of benzylhdenediaminomaleonitrile was

detectea by tlc comparison with an authentic sample;' mp

* 211-212*C (dec), lit.' mp 197-9°C (dec); m/e(70 ev) (%): 214

(56) M-, 213 (28), 197 (4), 196 (26), 170 (12), 169 (8), 143

(11), 142 (36), 138 (8), 137 (100), 120 (45), 117 (18), 116

* (30), 115 (16), Ill (16), 106 (9), 104 (20), 95 (14), 91 (10),

90 (25), 89 (34), 78 (20), 77 (18); "'C-nmr (DMSO-d,):, 6

* 92.65, 115.25, 128.17, 128.70, 130.26, 136.48, 150.18, 152.32,

164.51.

Both tlc and "'C-nmr revealed an isomerizatlon of the amide

-- 6 into amide 3 in dimethyl sulfoxide-d, (solvent used for nmr)

in about 30 hours to an extent of 30%. After 5 weeks the isom-

erization reached 50%. Both isomers 6 and 3 were detected by

S''C-nmr:, 92.58(3), 94.58(6), 114.14(6), 115.29(3), 127.44(6),

128.17(3), 128.65(3),, 128.90(6), 130.17(3,6), 136.19(6),

136.49(3), 148.39(6), 150.03(3), 151.25(6), 152.52(3),

163.09(6), 164.61(3). The assignments for compounds 6 and 3

were determined from two spectra from the same solution, one

taken when the solution was freshly prepared and one after an

* interval of 5 weeks.

When the reaction was carried out in aqueous ethanol (90%)

benzylidenediaminomaleonitrile and the DABCO*2H,0 2 at room

temperature for 14 days furnished the amide 3 in 65%, yield.

After treating the amide 3 (200 mEg) with DABC0O2H20O

complex (500 mg) in tetrahydrofuran at room temperature for 40

hours the presence of the amide 6 was detected (tlc).
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Heating a sample of amide 3 (200 mg) at 180'C in o-dichlo-

robenzene (10 ml) for 2 hours afforded the fumaramide 6 in 75%

yield, identified by tic, mp an,- mixture mp.

The amide 6 (10 mg) remained unreactive to ammonium hydrox-

ide (28%, 3 ml) after 3 h at 25*C and was quantitatively recov-

ered. Under similar conditions the amide 3 cyclized into the

oxopyrroline 9

Acknowledgement: Financial support was received from ONR.
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DAMN Derivatives, H2 NC(CN=C(CN)NRR', and Peroxides

R Peroxide Hoursa Product,

R' Solvent t, 9C % yield

H H2 02b 0.2 (CONH 2 )2c
H CH2Cl 2  25 43

S H H20 2 b .1 (CONH 2 ) c,d,e,
H CHC1 3  25 80

H RCO 3 Hf 1 NCCONH 2 , 10%

H CH 2Cl 2  39 mp 60-62*g

CHCO H20 2 b 40 (CONH 2 ) 2 c
H CHOH 25 31

-C(CH 0) 2  CF 3 CO 3H 1 Trace
CH2C1 2  39 unidentified

-CHC 6HOCH3 -p H202b 64 J
CH2 OHh,i 25

aTime required for disappearance (monitored by tlc) of

DAMN or a derivative. bCommercial reagent, 90% in 6-60 molar

excess. CNo other product detected by tlc. dStarting material

detected by tlc. eOxamide was not detected when DAMN was

treat;Id with either HO 2 or DABCO-2H 20 2 in THF; the latter gave

an unidentified solid, mp 134-136°C. fMonopermaleic acid.

gThere was also a trace amount of 2-amino-3,5,6-tricyanopyrazine,

mp 220-222°C(dec), previously obtained from DAMN and trifluoro-

peracetic acid (R. C. Begland, D. R. Hartter, D. S. Donald, A.

Cairncross and W. A. Shephard, J. Org. Chem., 1974, 39, 1235).



75

hwith a catalytic amount of NaOH. In the absence of alkali an

intractable mixture was obtained. ilntractable mixtures were

obtained from treatment with H20 2 in CHICO 2 H, CF 3CO2 H, HN0 3 ,

CHCN or THF or from treatment with MCPBA in CHC1 3 or CH2 C12 .

Starting material was completely recovered after treatment with

DABCO*2112 02 in THF. ]A trace amount of p-CH 3OCCH4CH=NC(CN=

C(NilJCONH 2 , mp 213-216C.3

=* I

- I

*i

* I
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A 7-Azanorbornene from a Pyrrole and Tetracyanoethylene.

By Joseph H. Boyer,* T. P. Pillai, and V. T. Ramakrishnan

Chemistry Department, University of Illinois

Chicago Circle Campus, Chicago, Illinois 60680

7 -(Z-1V,2'-Dicyano-2'-aminovinyl)-5,5,6,6-tetracyano-l,4-dimethyl-

norbornene 2 was obtained from the Diels-Alder addition of tetra-

cyanoethylene to l-(Z-l',2 -dicyano-2'-aminovinyl)-2,5-dimethyl-

pyrrole 1.

The pyrr(le ring has rarely functioned as a diene in a Diels-Alder

,2 3reaction. An addition of tetracyanoethylene to l-(Z-!',2'-

dicyano-2'-aminovinyl)-2,5-dimethylpyrrole 14 occurred readily

to produce 7-(Z-1',2'-dicyano-2'-aminovinyl)-5,5,6,6-tetracyano-1.

4-dimethylnorbornene 2 in excellent yield. A competitive substi-

tution reaction5 to give a tricyan-vinyl derivative was not de-

tected. Apparently the N-vinylamine substituent activated the

pyrrole ring toward electrophilic attack (Scheme);2 however, both

maleic anhydride and diethyl butynedioate failed to react with

the pyrrole 1.

Compounds 1 and 2 resembled diaminomaleonitrile in resistini

oxidation by peroxides.6 In other support for the adduct 2, 13 C

nmr confirmed assignments for each of the sixteen carbon atoms;

pmr detectel methyl, amino and olefinic protons in the ratio

3:1:1; ir showed expected absorption for CENo >C=C<, CH and NH

bonds. A very rich mass spectra (M+ not observed) showed a prin-
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cipal peak at 287 (M - HCN), minor peaks at 186 and 128 attrib-

7
uted to a retro-Diels-Alder reaction, and a minor peak at 94

attributed to the dimethylpyrrole nucleus (C 6 N8 N),

H30 21: NCC=C(CN)"H,
N H3 C- / CH N

HC N7  CH 3H.NccI (NC)3

L N) 2 6SNCC (NC) 2  3

1 Ncc*- , NH21 NCC+ 3

2 structures

Acknowledgement: Financial support was received from ONR.

Footnotes.

1 *Equimolar portions of compound 1 and TCNE were heated at reflux

in tetrahydrofurrn for 5 h. Evaporation of the solvent left the

adduct 2 (88% yield), mp 254-255°C after recrystallization from

a mixture of ethyl acetate and hexane. It gave satisfactory

elemental analyses for C, H and N.

113 C nmr for adduct 2 in perdeuterated dimethylsulfoxide at

either 25 or 70°C: 6 142.38 (C2); 133.51 and 133.14 (CCH 3 );

115.90, 115.05, 114.44, 113.65, 113.41 and 112.50 (CN); 1d6.73

(C3 and C4) 83.65 (C5 and C6); 81.89 (Cl); 12.05 and 11.20

(CH3 ).

- - - -- -
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Hli~xaminpa Aad nitx min= .fpm Aaa AnAd tert- Aiplat±& Aminz.

A pie1iminaU~ repor.

N-Alkyl (aryl) benzylamines 1-3. and N-methyl-B-phenethyla-

mine i were nearly quantitatively transformed into nitrosamines

1-2 by nitrous acid in acetic acid buffered with sodium ace-

tate. IThe benzylamine 1, also was nitrosated by nitrosonium

q tetrafluoroborate under anhydrous conditions to give the nitrosa-

mine 5. in high yield. 
2

AcOil
C6 H 5 (CH2 )nNIR + NaNO 2  -AO~ 1 C6H5 (CH2 )nN(NO)R

ReactantR rdc

CH 3  1 1.* 30 mol _NO 900C,3 . 8

C(CH3 )3  1 2L* 6 mol -N02 125 0 C,0.51i f. 89

C6 H5  1 3* 6 mol _N02 ' 25
0C,0.5h. 2. 100

H3 2 N021O25 0 C,10

2CHC1 31N2  Na2 CO3
25 C, 16 h 8%+~B 4 .. ~ ,9%

N,N-Dimethylbenzylamine 9- and N,N-Dimethyl4. -phenethylamine

11j were efficiently tranformed into secondary nitrosamines j

fL by either nitrous acid or nitrosonium tetrafluoroborate.
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C 6H(CU )nN(CH )2 10 C6Hs(CH2)nN(NO)CH3

6 n 2 3 n 2

A Conditions: NaNO 2 (10 mol ratio), AcOH, AcONa, 9g0, 3h.

Yields: 5, 68% (41% recovered 9).

5, 82% (50% recovered i1)

D Conditions: NOBF 4 (2 mol ratio), CHC1 3 /N 2 , 25 0 C, 70-100 h

Yields: 5, 61% (75% recovered 9.) + C6 H5 CBO(tr)

*, 56% (73% recovered 11)

Peroxide efficiently oxidized the nitrosamines I and -a

into nitramines 11 and l.3

C6 H5 (CH2 )nN(NO)CH 3  gC6H5(CH2)nN(NO2)CE3
5.n~l Uln1

I n =2 J.Zn -2

* .--- 1I, 90%

Conditions: H2 0 2 (30%), AcOH, 90'C, 7h.

Conditions Xie-Ij

* A. H2 0 2 (30%), AcOB, 9 0°C, 7h. 78

B. a-C1C6 H4 C03 H CHC1 3 ,60 0 C, 48h 100 (recovered Q 35%)

C. B 2 0 2 (30%), CF3 CO2 H, CH3 OH, 70 0 C,3h. 40 (recovered 1, 56%).

The overall conversions of tertiary amines q, ij into

nitramines ii, 2 are 65 to 80%.
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Acetone cyanohydrin nitrate converted the secondary amines .

and 4 into nitramines (50-80%); under similar conditions the ter-

tiary amines 9- and 11 are unaffected. 4For the transfor-

mation of acid-sensitive secondary amines into nitramines this pro-

cedure appears preferable to both the two step process of an

aqueous nitrosation followed by oxidation and direct nitration in

an acid medium.

6 6H 5 (CH2 ) nNHCH3  -2)5nN(NO2)CH3
jn=l IIn~l

I n=2 12 n=2

Conditions: (CH3 ) 2 C(CN)ONO2 , no other solvent,

25 0 C, 6da(for 1), 2da (for !)

Yields: 50% ii and 50% C H5 CH2 NCH3

(CH3 ) 2 CCN

P'1% 12 and trace of C6 H5 CH2 CH2 NCH3

(CH 3 ) 2 CCN

Hitramrnies wz-re not detected from amines 1, -1, or

Ik when treated with nitronium tetrafluoroborate in concen-

trated sulfuric acid or in 1,2-dichloroethane or with mixtures of

nitric and sulfuric acids; ring nitration occurred instead. Simi-

lar results were obtained from nitric acid (d 1.5).5.

An evaluation of the prepiration of &.r;,-nitrosamines for

oxidation into nitramines frcem corresponding tacl-amines In

a mixture of nitric and hydrochloric acids is continoing. This

method was first reported by Japanese workers.
6
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R2NCH2R HN3 R2 NNO t-o) R2NNO 2HC1
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